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INTRODUCTION 
The study of the relationships between various weather factors 
and the maturity and yield of corn is not new. Farmers and agronomists 
have observed in a general way that the weather factors, rainfall and 
temperature, have an influence on the maturity and yield of corn. 
Also, it is generally known that the yield of corn is largely dependent 
upon the weather factors during the season in which it is grown. 
Brown and Garrison (1922) and subsequent workers have reported 
data which indicate that maximum corn yields are obtained from varieties 
that make maximum utilization of the growing season. Therefore, the 
farmers and seedsman have a tendency to grow later maturing varieties 
in hopes of obtaining the higher yields. If the immature corn is 
"caught" by a frost, the farmers and seedsmen are confronted with the 
soft corn problem which results in reduced yields and lower quality 
corn. The seriousness of the soft corn problem in Iowa is sometimes 
underestimated (Shaw and Thorn, 1951b). Since 1921 there have been 
eight years in which more than ten percent of the corn crop in Iowa was 
damaged by frost. During the period 1921-19^5 the average amount of the 
corn crop damaged by frost was 12 percent. As early as 1927, Reed (1927) 
reported that yield was increasing at the rate of 0.28255 bushels per 
acre per year but for the same period the corn that had escaped frost 
damage was decreasing at the rate of 0.5^9 percent per year. 
Because of the importance of corn in the planning of national 
agriculture, several studies have been reported in an attempt to determine 
which weather factors are primarily responsible for the maturation of 
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corn grain. If the relation "between certain weather factors and the 
maturation of corn grain could he established, it would he possible 
to predict the amount of soft corn te bs expected for an area if a 
frost occurred on a particular date. This type of information would 
be valuable in planning the amount of storage facilities required, 
transportation requirements, and to other industries dependent upon 
corn and its products. 
The early work of this type was reported by the meteorologists 
who attempted to correlate various weather factors with the yield and 
maturation of the grain. This approach was by the study and analysis 
of long time crop and weather reports. However, the results of these 
studies were inconsistent and no definite trend could be established 
for the states in the Corn Belt. 
Iowa was one of the states in which no consistent trend could be 
established between any one of the selected weather factors and maturity 
and yield. With the establishment of the Agricultural Adjustment Center 
at Iowa State University emphasis has been placed on the stabilization 
of output and income for the Iowa farmer. This can be accomplished by 
insuring that the farmer harvests a mature, high yielding corn crop in 
every growing season. 
The present study was designed to investigate only one phase of 
the relationship between the maturation of corn and its environment. 
The period studied was from silking to physiologic maturity of the 
grain. Some work has indicated that this period is relatively in­
dependent of the weather variations and to have forecasting value in 
relation to frost damage. General statements have been made about the 
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influence of weather on the maturation of corn, but quantitative field 
data are lacking. The objectives of this study were threefold; (l) to 
determine the rata of grain moisture loss for successive harvests, 
(2) to determine the rate of dry matter accumulation in the grain and 
(3) to determine, if possible, what effects certain selected weather 
factors have on the rate of moisture loss in the corn grain. The study 
was conducted for three successive years, 1957-58-59. at Aroea, Iowa 
under conditions that wore very favorable for high yielding corn 
crops. 
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REVIEW OF LITERATURE 
Several different disciplines have been interested in and have 
reported studies concerning the relationships between various weather 
factors and the maturity, yield and phonological development of crop 
plants. Because of the complexity of the problem of studying the 
development of a crop plant and its relation to its surrounding environ­
ment, investigators have usually studied only certain phases of the 
problem. Blaskman (1919) and Lehenbauer (1914) attempted to formulate 
mathematical formulae which best describe the increase in dry matter or 
size of the plant or various plant parts to the growth curve of plants. 
The meteorologists and climatologiets have attempted to isolate specific 
weather factors that may be associated with yield. Physiologists have 
studied growth in relation to various weather factors to determine what 
the optimum conditions are for growth, yhat affects the rate of cell 
division in growth, what are the minimum temperatures at which growth 
will take place, rate of photosynthesis and respiration and how the 
translocation of photosynthate may be affected. 
Agronomists have obtained estimates of when maturity of the grain 
and plant occur, rate of moisture loss from the grain, what morphological 
characters may be associated with yield, and what effect different 
maturing hybrids have on yields. The climatologist and agronomist have 
studied the phonological development of various crops in relation to 
certain weather factors. 
Various measurements of the rate of growth and maturity have 
been reported in the literature. The growth curves of plants have 
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been based upon the dry weight of the entire plants or upon only the 
aerial parts, leaves, roots or fruit. Increase in size has been 
measured as total plant height, root system, leaf area or seedling 
structures. 
Maturity has never been precisely defined in the literature. Many 
of the definitions of maturity are based upon external appearances such 
as the denting or glazing of the kernels or relative browning of the 
plant and husks. Other definitions were based upon the internal con­
dition of the grain such as percent moisture or dry matter accumulation. 
Alberts (1926), Wallace and Bressaan (1928), and Bowman and Crossley 
(I908) defined maturity of the corn crop as the time when the husks 
were turning brown. 
Robinson (193*0, Rather and Marston (1940), and Sprague (1936) 
estimated maturity on the basis of percent moisture in the grain. 
Aldrich (1943) defined maturity as the point at which maximum grain 
development is first attained. This was the criterion used by Shaw 
(1949), Shaw and Thorn (1951b), Dessureaux et al. (1948), Kewlin (1953). 
Andrew et al. (1956), Hallauer (1958), and Cornelius (1959)* The point 
at which maximum dry weight of grain is first attained has been termed 
"physiologic maturity'1 by Shaw and Loomis (195°) and "morphologic 
maturity" by Anderson (1955)• 
As early as 1908 Bowman and Crossley (1908) emphasized that 
maturity should never be sacrificed for yield. Though the early writers 
emphasized the importance of maturity it was expressed in very general 
terms on the external appearance of the plant. Likewise, the effect 
of certain weather factors was observed to influence maturity and yield 
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"but it was not expressed in exact terms. Smith (1914) published a 
study which was one of the first attempts to express what effect a 
change in the amount of rainfall had on the yield of corn. The study 
included eight states in the Corn. Belt. The normal rainfall of July 
for the eight states in the Corn Belt was 3-9 inches. The yield of 
corn for the 25 years included in the study averaged 23 bushels per 
acre when the average rainfall was one-half inch or less below normal. 
On the other hand, when the rainfall was one-half inch or more than 
normal the yield averaged 33 bushels per acre. This indicated that when 
the rainfall for July averages less than 3-4 inches, the yield of corn 
over the Corn Belt will average 10 bushels less than when the rainfall 
is more than 4.4 inches. Smith concluded that if rainfall for the 
calendar months be considered, that for July has a far greater effect 
upon the yield of corn than rainfall for any other month. 
After Smith's initial paper similar studies were reported with 
varying conclusions. However, since the author's study is primarily 
concerned with the effects of some selected weather factors on rate 
of drying rather than yield the following citations on yield will be 
reviewed very briefly. 
Wallace (1920) corroborated what Smith had obtained for Ohio, 
however, the correlations for July rainfall and yield were small or 
negative in the other Corn Belt states. Kincer and Mattice (1928) and 
Mattice (1931) concluded that rainfall is the dominant feature of the 
weather influence on corn yields, but that others influence or modify 
it. Davis and Harrell (1942) studied the relation of rainfall and 
temperature and their distribution to corn yields for nine states of 
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the Corn Belt. They concluded that except for the areas where rainfall 
was the limiting factor the relationships obtained between temperatures 
end corn yields were more consistent across the Corn Belt, Hooker 
(1922) obtained similar results in a study of the influence of tempera­
ture and rainfall on ten crops grown in Eastern England. The correlation 
coefficients suggested that contrary to common belief, most crops, 
except potatoes, required a cooler summer for maximum results. Eisele 
(1938) found that the rainfall of the growing season, May, June, July 
and August, was a better criterion for predicting corn yields in Iowa 
than the rainfall for the entire year. Pengra (1946) obtained analogous 
results in North Dakota. 
A cooperative project between the Agricultural Marketing Service 
and the Iowa Experiment Station was started in 1938 to determine, if 
possible, the climatological and morphological measurements that could 
be used in the prediction of yield in corn. Some of the results from 
these studies were published by Bair (1942a, 1942b), Keller (1942) and 
Shaw and Loomis (1950)• Bair (1942b) reported the rate of development 
of four varieties of maize for a two year period. Starting approxi­
mately one month after planting, harvests were made at weekly intervals 
for 14 successive weeks. Using total dry weight of plant and ear, a 
regression study based on eight weeks data gave a highly significant 
correlation between Lehenbauer's (1914) physiological indices and 
weekly gains for one year, 1939* This was in agreement with what 
Hanna (1924) had reported. However, the corresponding correlation for 
the other year, 1938, was not significant. Bair concluded that the data 
obtained in his study indicated that the growth of corn in the field 
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tends to follow the temperature curve, at least at sederete temperatures. 
Shew and Loomls (1950) reported studies to estimate what preharvest 
measurements are most likely to be of value in yield predictions. They 
stated that the final yield of corn is determined during five partially 
independent periods and it is only the last, filling of the grain during 
four weeks of translocation and storage, that accurate yield predictions 
are possible and might frequently be valuable, in local areas at least. 
They concluded that because of the long growing season required by corn, 
the influence of the weather conditions have too much effect on yield 
to enable one to make an estimate of yield based upon any other period. 
Head (1933) In a study of past weather records and the percent of 
corn that matured found that the average June temperature largely 
determines the extent of autumn frost damage to corn in Iowa. Beed 
concluded that when the average June temperature was two degrees or more 
above the 69.4° F. mean June average for 43 years 95 percent or more 
of the corn crop had escaped frost damage in 100 percent of the cases. 
This means that for the period studied, when the average June tempera^-
ture was 71.4° F. or higher, frost damage was less than five percent 
in all cases. All of the outstanding frost damage years occurred 
when the June mean temperature was well below 67° F. Besides June 
temperature, efforts were made to correlate corn maturity with monthly 
and seasonal rainfall, temperature of other months and seasons, winter 
snowfall, March and April snowfall, monthly and seasonal sunshine, 
spring and fall frost dates, monthly and seasonal sunspot numbers, 
with the result that June temperature was far in the lead, with sun­
shine in June next in importance. 
9 
Work "by Brown and Garrison (1922), Shaw (1949), and by Shaw and 
Thorn (1951b) indicated that the period from silking to physiologic 
maturity is relatively independent of weather variations. In Iowa, 
Shaw and Thorn (1951b) reported that the average period from silking to 
physiologic maturity was $1 days, with a relatively small variation, 
and that this period is sufficiently constant to have a forecasting 
value in relation to frost damage. However, studies by Dessureaux 
et al. (1948), Hallauer (1958) and Cornelius (1959) have indicated a 
larger variation suggesting that this period may not be entirely in­
dependent of the weather. 
Dumenil and Shaw (1952) stated one can "hasten" maturity by 
shortening the period between planting and silking. Since the period 
from silking to maximum dry weight or physiologic maturity is relatively 
constant, Shaw and Thorn (1951b), one could hasten maturity in many years 
by better fertility practices. 
Andrew et al. (1956) studied the maturation and yield of several 
hybrids at Wageningen, Netherlands and Spooner, Wisconsin in trials 
planted at population, levels characteristic of the two locations, 
28,907 and 11,784 plants per acre respectively. These studies sought 
information on the maturation of corn as measured by moisture depletion, 
dry weight of kernels and shelling percentage at the two widely 
scattered locations. The meteorological data for the period from May 
through October were as follows: 
Accumulated heat 
Ave. units with $0° F. Total Days of 
temperature as the base point precipitation precipitation 
Spooner 61,5 2278.2 25-48 56 
Wageningen 59-6 1816.7 13*82 84 
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Using moisture content as a measure of maturity the average number 
of days required for the hybrids W240 and W255 to attain 40 percent 
moisture was 80-85 days after planting at Spooner as compared to 155-
lél days at Wageningen. The data indicated that when maturity was 
expressed in terms of moisture content approximately 66 more days were 
required for equal development at Wageningen as compared with Spooner. 
Also, when the number of days required per one percent moisture lose 
was compared, it required 1.5 days at Spooner as compared with 2.6 days 
at Wageningen. These differences were attributed to the higher humidity, 
more days with precipitation and low diurnal variation of temperature 
at Wageningen. 
If maximum dry weight of the grain is considered as the standard of 
maturity, this stage was attained 127 days after planting at Spooner and 
179 days at Wageningen. Maximum dry weight development at Wageningen 
was approximately one month later than corresponding development at 
Spooner. 
Andrew et al. also studied the effects of degree-days or heat 
units on the maturity of the corn grain. Using 50° F. as a base or 
minimum growing temperature, Loomis (193*0 » the heat units accumulated 
from planting until September 5 at Spooner were approximately equal to 
those accumulated at Wageningen by October 26 with the average moisture 
percentages on these dates being 46.2 and 42.4 percent respectively. 
For successive harvests at both locations there was a near perfect 
correlation of -0.984 between accumulated heat units based on 50° F. 
and moisture content of the grain. 
S. H. Miles* has defined maturity as follows: corn is mature when 
it first reaches its maximum yield, provided that cool weather has not 
set in and that the plants are still healthy. He has indicated that 
corn on a rather uniform area of land is mature when it attains 30 
percent moisture in the ears (26 percent in the grain) if it becomes 
dry before unfavorably cool weather. Miles (1958) states: "that 
previous researchers have reported corn mature with 35 to 40 percent 
water, grew unadapted varieties which probably seldom matured, and they 
likely mistook maximum yield for full maturity". Miles also stated that 
varieties considered adapted to a locality seldom matured fully. Miles' 
study included 101 different open-pollinated and hybrid varieties and 
the 11 year average dry-matter yield of "adapted" varieties was greater 
than the yield of varieties which matured fully in most years. The 
author questions hew ens can define "cool" weather and "healthy" plants. 
Hutcheson and Wolfe (1924) on the basis of three years data and 
using open-pollinated varieties of corn reported that there is little, 
if any, relation between time of germination and tasseling, silking, 
and final maturity. However, for a number of ears selected from an 
open-pollinated variety and planted ear-to-row, the indications were 
that ears which germinated early, matured late and that the plants which 
taseeled and silked early matured late. Then Wolfe (1927) concluded 
on the basis of three years data that tasseling, pollen anthesis, and 
silking may be used as indicators of final maturity because plants which 
''"Miles, S. E. Purdue University, Lafayette, Indiana. When is 
com mature? Private communication. 1959. 
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tasseled, shed pollen, and silked early reached final maturity early. 
Snelling and Hoerner (l$4o) concluded on the "basis of one year data 
that the correlation coefficients indicated that "both number of days 
from planting to silking and percent of plants with "bleached husks are 
satisfactory indices of relative maturity, with the former being slightly 
better than the latter. The generality of this conclusion may be 
questioned as it is only for one year and it was unfavorable for corn 
production. 
Crane et al. (1959) attempted to determine if any morphological 
factors could account for any of the varietal differences in rate of 
field drying in corn. These factors included husk length, husk width, 
number of husks per ear, number of split husks, shank length, ear length 
and circumference. In addition, they investigated the moisture flow 
from the plant to ear, kernel osmotic diffusion pressure and pericarp 
permeability. Although interesting differences did occur, Crane et al. 
concluded that husk and shank characteristics and shape and size of ear 
did not appear to be major factors associated with varietal differences 
in rate of field drying in corn. However, there was a difference in 
pericarp permeability with the more permeable pericarp being associated 
with fast drying. There was a small but consistent difference between 
hybrids for osmotic diffusion pressure, the higher being associated with 
slow drying. 
In an attempt to hasten field drying of corn, studies have been 
reported on the possible use of chemicals and herbicides as pre-harvest 
leaf killing sprays. 
Cooper (1952), Shafer (195*0 » Ham and Willard (195*0, and Crane 
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(1958) have reported the results of studies using chemicals as an aid 
in the field drying of corn. Ham and Willard (195^) studied the effects 
of two herbicides and concluded that while there were differences 
"between treated and untreated they were not sufficient to justify their 
use in order to hasten drying. Shafer (195^) applied several chemical 
treatments when the corn averaged approximately 35 percent moisture. 
While there were initial differences of about four percent between 
treated and untreated these differences diminished as the moisture 
content approached 20 percent. Cooper (1952) suggested that a more 
complete killing of the stalk may be necessary before faster drying 
can be achieved. Cooper found that chemical treatments which killed 
only the leaves resulted in only slight differences in rates of moisture 
loss. However, significant differences were obtained from treatments 
which gave a higher percent of stalk necrosis. 
On the assumption that the absence of green leaves may lead to 
increased rates of drying in the corn grain, Crane (1958) included a 
hand defoliation treatment in addition to the two chemical treatments. 
The chemical and hand defoliation treatments were applied when the 
hybrids averaged 46.9 and 42.7 percent moisture in the grain in 1955 
and 1956 respectively. From previous studies this would be prior to 
physiologic maturity. The effects of the pre-harvesi treatments on 
kernel moisture were as follows: 
Kernel moisture 
Untreated 
Bndothal 
Treatment September 15 
46.9$ 
September 26 
37.3$ 
35.6 
October 7 
28.2$ 
28.4 
29.3 Hand defoliated 35.5 
The data suggest that chemical leaf killing and hand defoliation had 
little effect thus indicating that moisture is still being supplied to 
the ear from the stalk after the corn is mature. To test this hypothesis 
Crane added another treatment in 1956. The treatment was to detach 
the ear with shank and husks intact and suspend the ear from the stalk 
by a wire through the shank. The results were as presented below: 
Kernel moisture 
Treatments Sept. 20 Sept. 27 Oct. 3 Oct. 10 Oct. 17 Mean 
Untreated 42.7$ 38.5$ 34.5$ 28.8$ 23.1$ 31.2$ 
Endo thai — 38.3 32.7 27.6 22.2 30.2 
Hand defoliated — 38.5 31.6 26.0 19.5 28.4 
Detached ear — —  34.4 27.2 21.2 17.8 24.7 
The data lend support to Cooper1 s (1952) suggestion that a flow of 
moisture from the stalk to the ear may still exist at the time of 
maturity. The detached ear treatment gave a mean moisture percentage 
which was significantly lower than all other treatments. 
The effects of mechanical topping on rate of drying has been in­
vestigated by Cooper (1952) and Cornelius (1959)» Cooper concluded that 
topping alone resulted in no reduction in moisture content 28 days 
after treatment. Cornelius in a more extensive investigation, studied 
the effects of corn topping removing one, three, five and six leaves 
as compared with no topping at each of eight dates at five day intervals 
beginning 30 days after silking. This would include the interval from 
silking to approximate physiologic maturity. Cornelius' results in­
dicated that though topping did restait in statistically significant 
increases in rate of drying the general trend was for reduction of 
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moisture to "be greater for more severe levels and earlier dates of 
topping. He concluded that all reductions in moisture content were 
very small and appeared to he of little, or no, practical value. 
Newlin (1953) investigated the period from physiologic maturity 
to the time corn is ready to crib. Harvesting began when the moisture 
percentage of the grain was 40 percent which approximated physiologic 
maturity and was continued for ten successive harvest dates at five 
day intervals. An attempt was made to detect differences in water 
loss from the grain and associated plant parts of six single-cross 
hybrids and to find out what effects water loss from the associated 
plant parts may have on water loss from the grain. The conditions for 
the study were excellent for drying. Water loss from the grain, cobs, 
and stalks was essentially linear, while decreases in moisture content 
of husks, leaves, and shanks was not linear. It was suggested that 
these rates of drying or moisture loss were related to the relative size 
and morphological structure of the plant parts studied. Although moisture 
loss from the grain was uniform and slow, there were differences among 
the single crosses in rate of water loss from the grain. However, the 
interesting point was that the single crosses which were considered 
early hybrids from previous field observations, lost moisture from the 
grain more slowly during the period considered than did a single-cross 
which was considered a late hybrid. This was contrary to the belief 
that the grain of early hybrids dries at a faster rate after physiologic 
maturity than that of late hybrids. The early maturing single crosses 
had a lower moisture content than the late maturing single cross because 
the grain moisture was lower at the first harvest. Thus Newlin suggested 
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that the grain of the earlier hybrids dried more rapidly previous to 
the first harvest date. 
Since Newlin1s (1952) results suggested that differences In 
moisture content of the grain occurred prior to the time he started 
harvesting, Hallauer (1958) studied the period from silking to physiologic 
maturity in an attempt to determine when and at what moisture level 
physiologic maturity occurred for slow and fast drying inbred lines. 
The objective of Hallauer's study was to establish which of the following 
two alternatives existed: (l) does physiologic maturity occur at the 
same relative time for the slow and fast lines but at different mois­
ture levels, with the fast drying line being at a lower moisture level 
or (2) does physiologic maturity occur at different times at the same 
moisture level, with the fast drying line attaining physiologic 
maturity at an earlier date than the slow drying line? It was found 
that the lines attained physiologic maturity at the same time but 
contrary to original expectations the fast drying line was at a 
higher moisture level. Hallauer (1958) concluded that for the material 
included in his study, differences in rate of drying occurred after 
physiologic maturity with the late silking line having the faster rate 
of drying. 
Studies relating the rate of growth, maturity, and phonological 
development to the environment have not been restricted to corn. 
Hanna (1924), in addition to corn, studied the growth of sunflowers 
in relation to climatic conditions. Brown (1958), Hammond and Kirkham 
(1949)t and Garner and Allard (1930) studied the phonological development, 
growth curves, and the photoperiodic response in relation to temperature 
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and other environmental factors for soybeans. The canning industry 
is very dependent upon "being able to predict the maturity of crops in 
planning their work load. Katz (1952), studied the relationship between 
heat accumulation and the planting and harvesting of canning peas. The 
response of sweet corn to varying temperatures from time of planting to 
the time for canning was reported by Magoon and Culpepper (1932). 
These are only two of the many studies that have been reported con­
cerning the canning industries' interest in crop response to the weather 
factors. 
Grabe (1956) studied maturity in smooth bromegrass and the effect 
maturity has on seed germination. In small grains Wiggans (1956) 
reported the effects of seasonal temperatures on the maturity of oats 
planted at different dates. Fisher (1925), Davis and Pallesen (1940), 
and Buttons on (1953) are only three of the many publications on what 
effects certain weather factors have on the phenological development, 
maturity, and yield of wheat. 
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MATERIALS AMD METHODS 
Materials 
The material used for this study originated from the two inbred 
lines, Bl4 and Oh4.5, which were known to have different dates of silking 
or pollination and different rates of drying or moisture loss. In the 
breeding nursery 0h4$ silks 10 to 15 days earlier than Bl4 but is used 
in hybrid combinations grown in later maturity zones because of its 
relatively higher moisture content at harvest time. Inbred, Bl4, 
because of its rapid drying is used in hybrid combinations grown in 
zones of earlier maturity than where its date of silking would dictate. 
In 1957 the study included the two parental inbreds, 0h4j? and Bl4; 
their hybrid; 57 progenies; 81 Oh45 backcross progenies selfed 
one generation; and 57 Bl4 backcross progenies selfed one generation. 
Because of the amount of labor required to harvest, shell, and dry 
the grain the size of the study was reduced in 1958 and 1959 to include 
the inbred parents, their E]_ hybrid, and 20 randomly selected entries 
from each of the and reciprocal backcross progenies. The 1957 
material was originally used by the author for a masters thesis on 
obtaining estimates of physiologic maturity and its inheritance in the 
segregating populations. 
In 1958 and 1959 eight additional single crosses composed of lines 
with known relative rates of drying were included in the study. 
Designating the lines as fast and slow for relative rates of observed 
moisture loss or drying in hybrid combinations, the single crosses 
selected were of the three following types; (fast x fast), (fast x slow), 
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and (slow x slow). The relative maturity ratings of the lines are as 
follows: fast; Bl4, 38-11, 187-2 and slow; 0h45, By, C103. Thus the 
single cross combinations included in 1958 and 1959 were as follows: 
slow x slow 
C103 x By 
C103 x 0h45 
By x 0h45 
The study was grown on the Iowa State University Agronomy Farm 
in a com-oats-soybean rotation on Nicollet soils. The Nicollet soils 
are a part of the Clarion-Webster soil association with a slope of one 
to two percent. The date of planting was May 1 for all three years. 
The seedbed preparation was very satisfactory and near perfect stands 
were obtained in each of the three years that the study was conducted. 
The experimental design was a randomized complete block design with 
four replications. Each plot consisted of a single row of 25 plants 
spaced approximately 13 inches apart within the row and the rows spaced 
40 inches apart. To avoid differential competition between the inbred 
lines and the more vigorous material a border row was planted on each 
side of the inbred plots. 
Methods 
Unless stated otherwise the same methods were used throughout the 
three years that the study was conducted. Each plant was tagged when 
silks were just visible from the uppermost shoot to indicate tbs time 
of silking or pollination. This silking date is the base point from 
which the number of days from silking to harvest was calculated. Each 
fast x fast 
B14 x 38-11 
B14 x 187-2 
fast x slow 
Bl4 x By 
B14 x C103 
Hy x 187-2 
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plot was checked daily and a tag attached near the uppermost shoot on 
the stalk. The plots were checked until it was evident that the only 
plants not tagged were off-type or had been injured or stunted in their 
development. When tagging was discontinued nearly 100 percent of the 
plants were marked for date of silking in all three years. 
Prior to harvesting a complete inventory was made of each entry 
in each replication, recording the number of plants silked for each 
date. The purpose of this inventory was to randomize the intervals 
from silking to harvest so that all harvests made 40 days after silking, 
for example, would not cover the same environmental period. The first 
harvest was made 40 days after silking and all subsequent harvests were 
made at five day intervals. Harvesting was continued until 60 days 
after silking in 1957 and until 65 days in 1958 and 1959» An additional 
harvest was made for the inbred lines and single crosses in all years, 
that is, 65 days in 1957 and 70 days after silking in 1958 and I959. 
At harvest time three ears were harvested per date from each plot. 
To maintain the identity of each ear a one-pound paper bag was wrapped 
around the ear and secured with a rubber band. The replication, plot 
number and the number of days from silking to harvest were indicated 
on each bag. All harvests were made in the morning. 
All ears were shelled as soon as possible after harvest. One 
hundred grams of the shelled corn were saved and put in the one-pound 
paper bags. These 100-gram samples were placed in a heated, forced 
air dryer for a period of 96 hours at a temperature of approximately 
136° F. After 96 hours the dried samples were weighed on a Toledo 
Balance to the nearest gram to determine the moisture in the grain at 
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harvest. Checks were run at periodic intervals after shelling to 
determine the time necessary to remove all moisture possible at this 
temperature. It was determined that 96 hours was a sufficient period 
of time. Samples were periodically put in an electric oven at 100° C. 
to determine the amount of moisture still in the grain. For all three 
years this was approximately four percent. The correction factor of 
4.0 was applied to all moisture figures in determining the final 
corrected moisture percentage. 
The relative accumulation of dry matter in the grain for the 
successive harvests was estimated by weighing a 100-kernel sample for 
each ear harvested and dried. The 100-kernel sample was selected at 
"random" from the 100-gram sample used to determine the percent moisture. 
The 100-kernel sample was weighed to the nearest tenth of a gram on an 
Exact Weight shadow graph and recorded for each ear. The data used in 
the analyses were the means of the three ears at each harvest period. 
01imatological Data 
The experimental plots were located within a few hundred feet of 
the official Weather Bureau station located on the Iowa State University 
Agronomy Farm. This weather station is more complete than the coopera­
tive observer stations located throughout the state. The station has 
the following instruments: standard maximum-minimum thermometers housed 
in a white ventilated shelter at four feet above the ground; both a 
recording and non-recording rain gauge; a standard anemometer (wind 
measurement at height, 14 inches)i and a standard open pan for recording 
evaporation. In addition a. sling psychrometer for measuring humidity 
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is located inside the shelter and was used daily to determine relative 
humidity at 7 a.m., 12 n., and 7 p.m. The grass in the enclosure con­
taining the instruments is kept mowed at a height of two inches. Out­
side the enclosure, the topography is flat and unobstructed for at least 
200 feet in all directions. Buildings and trees at distances of 200 
to 500 feet protected the station on the north and west. 
All of the climatological data, except sunshine data, were obtained 
from the weather records on the Agronomy Farm. The sunshine data were 
obtained from the Local Climatological Data collected by the U. S. 
Weather Bureau at Des Moines, Iowa (Airport). Though sunshine data 
from Des Moines were used, B. H. Shaw* has indicated that unless a new 
"front" is moving in a very close relationship exists between the amount 
of sunshine at Des Moines and Ames. The weather factors selected for 
this study were pan data, wind movement, precipitation, sunshine, 
relative humidity, and temperature. 
The use of the standard open pan for recording evaporation has 
been questioned. Although no claim is made for exact proportionality 
between pan evaporation and a free water surface, it is felt, Denmead 
and Shaw (1959). that a reasonable relationship does exist. Evaporation 
is measured in inches from a standard Weather Bureau type pan of four 
foot diameter. Evaporation readings were obtained daily. 
Daily air movement measurements were obtained at the station on 
the Agronomy Fann. Air movement or wind was measured by the standard 
*3haw, R. H. Iowa State University of Science and Technology, 
Ames, Iowa. Private communication, i960. 
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anemometer at a height of 14 inches and is expressed in miles. 
The average daily temperatures were used for this study. The 
daily maximum and minimum temperatures were obtained from the station 
and then averaged daily. Temperature was expressed on the Fahrenheit 
scale. The temperature summations were determined using 50° F. as the 
base point and are expressed as degree days or heat units. 
Daily total precipitation was recorded in inches. The relative 
humidity of the atmosphere was determined from the sling psychrometer 
located in the ventilated shelter. The sling psychrometer consists 
of two thermometers fastened to a metal strip which whirls upon a 
pivoted handle. The two thermometers are identical except one has a 
piece of clean muslin tied inside the bulb. This bulb is dipped in 
clean water and the difference in the temperatures of the dry and wet 
bulb thermometers is directly proportional to the dryness of the air. 
The relative humidity may then be read directly from prepared psychro-
metric tables of the United States Weather Bureau. The readings for 
relative humidity were determined three times daily, 7 a.m., noon, 
and 7 p.m. The average daily relative humidity was obtained by averaging 
the three converted readings. 
As indicated earlier sunshine data were not obtained at the weather 
station on the Iowa State University Agronomy Farm. These data were 
extracted from the Local Climatological Data of the United States 
Weather Bureau, Des Moines, Iowa (Airport). The duration of sunshine 
was expressed in hours and minutes. 
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Analyses of Data 
At the completion of harvesting, drying and weighing each entry 
had three moisture determinations and three 100-kernel weights for 
each date of harvest. These three measurements for each harvest date 
were averaged and only the means were utilized in subsequent analysis 
of the data. The six independent variables selected for study were: 
pan data, wind, precipitation, sunshine, humidity, and temperature. 
For each variable an accumulated total was obtained for each harvest 
date from the time of silking or pollination. The temperature totals 
were obtained using 50° F. as the basepoint and summing the remainders 
that exceeded this basepoint. These totals are commonly referred to as 
heat units or degree days. An example of the data that were used for 
each plot in subsequent analyses is as presented in Table 1. 
All the data were put on punch cards and analyzed by the punch card 
procedures in the Statistical Laboratory. The analysis of variance is 
as presented in Table 2. The entries were considered random variables 
with replications and harvest dates fixed. Regression coefficients 
were obtained for moisture and weight of 100 kernels on date of harvest. 
A simple correlation coefficient was obtained between each of the 
selected weather factors and grain moisture. Finally a multiple 
correlation coefficient was obtained involving all the selected weather 
factors and grain moisture. The estimates obtained on the relation 
between moisture loss and the selected weather factors are based upon 
the theory of multiple regression. A description of the theory and 
statistical procedures are presented by Kempthorne (1952). The 
Table 1. An example of the data obtained at each harvest period for each entry. 
Days from Wt. of Ave.wt. 
silking Fresh Dry Ave. gitdn 100 of 100 Pan Rain­ Tempera­
to harvest weight weight moisture kernels kernels data Wind fall Sunshine Humidity ture 
4o 100 55 22.5 
40 100 55 55.3 25.5 23.6 7.85 1965 2.19 36O.3 1006 870 
40 100 56 22.9 
45 100 50 30.8 
45 100 45 47.7 26.5 28.0 8.92 2206 4.77 414.2 1143 971 
45 100 48 26.6 
50 100 46 33.6 
50 100 45 44.3 28.8 30.3 9.81 2491 4.87 455.4 1259 1033 
50 100 42 28.6 
55 100 41 33.1 
55 100 41 40.7 30.8 32.8 10.45 2712 6.00 482.2 1387 1103 
55 100 40 34.6 
60 100 36 28.3 
60 100 41 37.3 34.8 32.0 10.90 3019 6.21 506.4 1546 1165 
60 100 35 32.8 
65 100 29 35.4 
65 100 35 32.0 30.5 33.0 11.81 3127 6.39 555.4 1668 1258 
65 100 32 33.0 
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Table 2. The analysis of variance for each year with the expected mean 
squares for testing the components for entries, dates, and 
entries x dates. 
Source Degrees freedom 
195? 1958-59 
Expected mean square 
Replications (r) 3 3 
Entries (e) 60 60 6 2+ rd (J- 2b 
Dates (d) 4 5 <S2+ r <s 2ED + r®K2D 
Entries x Dates 240 300 <S2+ r S ZSS) 
Entries x Replications 180 180 S2+ d <T2ER 
Dates x Replications 12 15 6 2+ 6k2DR 
Entries x Dates x Replications 720 900 £2 
Total 1219 1463 
assumption is that the observations, percent moisture, are expressible as 
linear functions of the known variables, pan data, wind, precipitation, 
sunshine, humidity, and temperature,with residual errors which are 
normally and independently distributed about zero with constant variance. 
Letting Y^ equal the observations and X-^ , X2 , X^ , Xj^ , X^ , and Xg 
representing the six independent variables pan data, wind, precipitation, 
sunshine, humidity, and temperature respectively the model is then 
=(Iq + ^ 1^1 + ^  2^2 + ^ 3*3 + ^ 4X4 + ft 5X5 + &6X6 + ®i 
where (Iq, ft j., ft 2' ft 3» ft ft 5» fté» are unknown parameters or constants. 
The estimates bg, b^, bg, b^, b^, b^, bg for these unknown parameters 
are determined by the method of least squares to find values of the 
estimates which minimize 
Q = - %o - "Dixli " b2x2i " b3X3i - V4i " b5X5i ~ b6X6i^2 
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EXPERIMENTAI RESULTS 
Weather conditions in Iowa were favorable for "bumper11 corn crops 
in 1957» 1958, and 1959. The 1957 corn yield for the state was slightly 
above the 1946-1955 average. The 1958 crop was the highest state average 
ever recorded and this was in turn equaled by the 1959 crop. The con­
ditions in 1957 for the period studied, July through first part of 
October, were favorable in July and August with most of September being 
cool and wet. The hot, humid weather of July was favorable for the 
development of corn with scattered showers during the latter part of 
July that were beneficial during the tasseling and silking stage. Corn 
continued to make good progress in August because of scattered showers 
to replenish the soil moisture. Although rainfall was below the monthly 
average, light rains fell on several days during the first three weeks 
of September. The cool, wet weather during these three weeks slowed the 
maturation of corn. 
The 1958 growing season was relatively cool through the tasseling 
and silking stage with the result development of the corn was behind 
the ten year average. Then, beginning with the first week of August, 
normal temperatures prevailed thus favoring the growth and development 
of corn. The hot, dry weather during the latter part of August and 
September hastened the maturation of the corn crop. The first frost 
occurred the first week of October but for the most part, corn was 
either mature or so close to being mature that damage was negligible. 
In general the conditions were near ideal for the growth and development 
of corn during the period from silking to physiologic maturity in 1958. 
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Because of the more favorable conditions during the early stages 
of development, the 1959 corn crop was generally more advanced than 
the 1958 crop. Near average temperatures and timely rains were very 
favorable during the tasseling and silking stages of development. 
Average temperatures during the first part of August and scattered 
showers with temperatures above average the latter part of August 
hastened the growth and development of the corn crop so that it was 
considerably ahead of 1958. The corn continued to make favorable prog­
ress the first two weeks of September. Beginning approximately September 
15 temperatures averaged well below normal and heavy rains fell through­
out the week ending September 28. The continued cool, wet weather 
during the latter part of September and the first part of October 
definitely retarded the drying of the corn crop. The moisture content 
of the 1959 crop was the third highest since 1950—only the 1951 and 
1957 corn crops contained more moisture. 
It should be stressed that at all times during each of the three 
years that this study was in progress ample soil moisture was available. 
The only time in the three years that a moisture stress was evident for 
the period from the critical tasseling and silking stage to physiologic 
maturity was in the very early silking stage in 1957 and 1959. However, 
in both years timely rains prevented any serious damage during flowering. 
As previously stated, the inbred lines, Bl4 and 0h45, their 
hybrid, and 20 randomly selected entries from each of the and recip­
rocal backcross populations selfed one generation were originally 
included in the study. Because of very poor germination in two of the 
Bl4 backcross progenies there were insufficient plants for each of the 
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successive harvests. These two entries were discarded, leaving, there­
fore, 61 entries in the experiment. It was also mentioned earlier that 
eight selected single crosses were included in the experiment in 1958 
and 1959* These eight single crosses will not he included with the other 
entries in the 1958 and 1959 analyses. They will he presented in 
separate analyses. Therefore, the presentation of the experimental 
results will consist of two portions, the 61 entries originating from 
Bl4 and 0h45 and the eight selected single crosses grown in 1958 and 
1959. 
The analyses of variance for the grain moisture in each of the 
three years are presented in Tables 3, 4 and 5» The appropriate error 
terms used in the F tests for the different sources of variation were 
as indicated in Table 2. The F values for the tests among entries, 
dates, and for the entry x date interaction exceeded the one percent 
level of probability in each of the three years. The highly signifi­
cant F value for the test among entries indicates that grain moisture 
was not the same for all entries. The highly significant value of F 
for the test among dates in Tables 3» 4 and 5 indicates that grain 
moisture differed significantly over the successive harvest dates. 
The highly significant F values obtained for the entry x date inter­
action component indicates that the relative grain moisture among the 
61 entries was not the same for the successive harvest dates and that 
the entries did not behave the same way over successive harvest dates. 
Because of the known differences of the material selected for the study, 
the highly significant differences indicated by the tests for entries 
and dates would be expected. 
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Table 3. Analysis of variance of grain moisture percentage for 61 
entries for five harvest dates in 1957» 
Source of variation 
Degrees 
of 
freedom 
Mean 
squares8. 
Estimated 
variance 
components 
Replications 3 
Entries 60 53-4792** 2.5461 
Bates 4 5381.7025** 22.0404 
Entries x Dates 240 3.8563** 0.3248 
Replications x Entries 180 2.7675 0.0420 
Replications x Dates 12 2.6492 0.0015 
Replications x Entries x Dates 720 2.5573 
Total 1219 
a** F value exceeds the 1 percent level of probability. 
Estimates of the variance components were calculated and are pre­
sented in Tables 3» 4 and 5« The relative magnitude of the estimated 
variance components for entries, dates, and entries x dates are the same 
for each of the three years. The estimated variance components show by 
comparison that the variations associated with the entries x dates 
interactions are of less importance than the variations among entries. 
However, the magnitude of the variation associated with entries is 
very much less than the variations associated with dates of harvest. 
The interpretation of these relative differences in magnitude of the 
estimated variance components is that the differences in grain moisture 
for the entries was relatively the same for the harvest period. Also, 
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although there were significant differences among entries in respect 
to grain moisture and a significant entry x date interaction, the 
greatest variation for grain moisture occurred over the successive 
harvest dates. 
Table 4. Analysis of variance of grain moisture percentage for 61 
entries for six harvest dates in 1958. 
Source of variation 
Degrees 
of 
freedom 
Mean 
squares8. 
Estimated 
variance 
components 
Replications 3 
Entries 60 35.2498** 1.3427 
Dates 5 9127.8540** 37.3883 
Entries x Dates 300 5.1024** 0.5194 
Replications x Entries 180 4.1226 0.1830 
Replications x Dates 15 2.0667 0.0000 
Replications x Entries x Dates 900 3.0248 
Total 1463 
a** I* value exceeds 1 percent level of probability. 
The analyses of variance of the grain dry matter content are pre­
sented in Tables 6, 7 and 8 for 1957» 1958, and 1959 respectively. A 
highly significant value of 3? was obtained for the tests of entries and 
dates in each of the three years. Unlike the grain moisture analyses of 
variance, no significant F value was obtained for the entry x date 
interaction term. This indicates that the different entries accumulated 
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Table 5- Analysis of variance of grain moisture percentage for 6l 
entries for six harvest dates in 1959» 
Source of variation 
Degrees 
of 
freedom 
Mean 
squares8. 
Estimated 
variance 
components 
Replications 3 
Entries 60 44.4153** 1.7032 
Bates 5 6979-5140** 28.5780 
Entries x Dates 300 6.4734** 0.7336 
Replications x Entries 180 4.7298 0.1985 
Replications x Dates 15 12.1407 0.1410 
Replications x Entries x Dates 900 3.5389 
Total 1463 
a** F value exceeds the 1 percent level of probability. 
dry matter in the grain at the same relative rate for the different dates 
of harvest. 
Ho prior information was available for the accumulation of dry 
matter for the material included in this study. An F value significant 
at the one percent level of probability for entries indicates signifi­
cant differences among entries for the dry matter content of the grain. 
However, this is not surprising in view of having entries ranging in 
vigor from long-time inbred lines to F^ hybrids. The significant 
difference for dates would be expected since the first harvest was 40 
days after silking when the moisture content of the grain was approxi­
mately 50 percent. Harvesting was purposely continued until physiologic 
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Table S-> Analysis of variance of dry matter content of the grain for 
61 entries for five harvest dates in 1957. 
Source of variation 
Degrees 
of 
freedom 
Mean 
squares® 
Estimated 
variance 
components 
Replications 3 
Entries 60 57.2138** 2.7337 
Dates 4 1414.8575** 5-7863 
Entries x Dates 240 3.0022 0.1157 
Replications x Entries 180 3.7101 0.2342 
Replications x Dates 12 2.9242 0.0063 
Replications x Entries x Dates 720 2.5393 
Total 1219 
a** F value exceeds 1 percent level of probability. 
maturity was attained which was defined by Shaw and Loomis (1950) as 
the point at which maximum dry weight of the grain is first attained. 
The estimated variance components (Tables 6, 7 and 8) for entries 
and dates indicate that most of the variation in grain dry matter content 
can be attributed to these two sources. In all cases the variation for 
dates is larger than for entries. However, it is not the magnitude 
noted for grain moisture and this may be attributed to the range in 
vigor of the entries. 
A combined analysis for 1958 and 1959 is presented in Tables 9 and 
10 for grain moisture and grain dry matter respectively. As previously 
mentioned five harvests were made in 1957 an additional harvest, 
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Table ?• Analysis of variance of dry matter content of the grain for 
61 entries for six harvest dates in 1958. 
Source of variation 
Degrees 
of 
freedom 
Mean „ 
a 
squares 
Estimated 
variance 
components 
Replications 3 
Entries 60 89-1353** 3.5580 
Dates 5 2694.7440** 11.0264 
Entries x Dates 300 4.3101 0.1414 
Replications x Entries 180 4.7529 0.1681 
Replications x Dates 15 5.9667 0.0364 
Replications x Entries x Dates 900 3.7443 
Total 1463 
a** F value exceeds 1 percent level of probability. 
or a sixth, was made in 1958 and 1959» Since the years 1957 and 1959 
were both poor years with respect to conditions for field drying of corn 
it was considered that if a combined analysis for 1958 and 1959 in­
dicated differences between years that it would probably indicate same 
type of variation for 1957 and 1958. 
The combined analysis of grain moisture (Table 9) shows highly 
significant differences among entries, among dates, entry x date, entry x 
year interaction and date x year interaction. This indicates there 
were real differences in grain moisture for entries and dates that were 
consistent from year to year and that there were significant variations 
in grain moisture from year to year. The entry x date x year interactions 
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Table 8. Analysis of variance of dry matter content of the grain for 
61 entries for six harvest dates in 1959* 
Source of variation 
Degrees 
of 
freedom 
Mean 
squares 
Estimated 
variance 
components 
Replications 3 
Entries 60 75.1540** 2.9797 
Dates 5 1141.5200** 4.6614 
Entries x Dates 300 4.1269 0.1213 
Replications x Entries 180 4.7424 0.1835 
Replications x Dates 15 7.2040 0.0584 
Replications x Entries x Dates 900 3.6416 
Total 1463 
a** F value exceeds 1 percent level of probability. 
had an F value that exceeded the five percent level of probability. 
Although the entry x year, date x year, and entry x date x year inter­
actions are all significant the estimated variance components show by 
comparison that the variations associated with these interaction terms 
were of less importance than the variation among entries, dates, and 
the entry x date interaction. As in the single year analyses, the 
variations associated with entries and entries x dates were much less 
important than the variation among dates. 
The combined analysis of grain dry matter content (Table 10) 
indicates an F value that exceeded the one percent level of probability 
for all sources of variation except the entry x date x year interaction. 
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Table 9» Combined analysis of grain moisture percentage for 61 entries 
for six harvest dates for 1958 and 1959* 
Source of variation 
Degrees 
of 
freedom 
Sum 
of 
squares 
Mean 
square8. 
Estimated 
variance 
components 
Years 1 13957.17 
Heps/Years 6 373-38 
Entries 6o 4202.01 70.0335** 1.3856 
Dates 5 79979-04 15995.8080** 32.7628 
Entries x Dates 300 2272.55 7.5752** 0.5066 
Entries x Years 60 577.90 9.6317** 0.2546 
Dates x Years 5 557.80 111.5600** 0.4408 
Entries x Dates x Years 300 1200.20 4.0007* 0.1198 
Remainder 2190 7713-84 3.5223 
Total 2927 110833.89 
a** F value exceeds 1 percent level of probability. 
* F value exceeds 5 percent level of probability. 
The estimated variance components show that the variation associated with 
entries and dates was of much greater importance than for any of the 
other sources of variation. 
The regression coefficients for grain moisture loss and grain dry 
matter accumulation for each of the years are presented in Tables 11 
and 12 respectively. The F value, (or "t" since only one degree of 
freedom in the numerator), exceeds the one percent level of probability 
for each regression coefficient in each of the three years. The 
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Table 10. Combined analysis of dry matter content of the grain for 
61 entries for six harvest dates for 1958 and 1959» 
Source of variation 
Degrees 
of 
freedom 
Sum 
of 
squares 
Mean 
square 
Estimated 
variance 
components 
Tears 1 357.70 
Reps/Years 6 127.85 
Entries 60 8509.72 141.8287** 2.8734 
Bates 5 18241.54 3648.3080** 7.4660 
Entries x Bates 300 1469.96 4.8999** 0.1242 
Entries x Years 60 1347.64 22.4607** 0.7731 
Dates x Years 5 939.78 187.9560** 0.7558 
Entries x Bates x Years 300 1061.36 3-5378 0.0000 
Remainder 2190 8554.00 3.9059 
Total 2927 40609.54 
a#* F value exceeds 1 percent level of probability. 
regression coefficients indicate that the rate of grain moisture loss 
was 0.59, 0.64, and 0.56 percent per day for 1957, 1958, and 1959 
respectively. Expressing on a ten day basis, this would be 5»9, 6.4 
and 5*5 percent moisture that the grain lost over a ten day period in 
1957, 1953. and 1959 respectively. The test of the null hypothesis 
Ho: \)) = ^ 1958 = ^1959 iB&lc&tea that highly significant differ­
ences did exist among years for rate of moisture loss in the grain. 
The regression coefficients for each of the three years are as would 
be expected on the basis of the weather conditions that were experienced 
Table 11. Regression of grain moisture percentage on harvest dates for the three years, 1957-58-59-
Degrees 
Year of 
freedom 
Sums of squares and products Regression Deviations Degrees Mean Correlation 
_a from of a "b 
Sx Sxy Sy coefficients regression freedom square coefficients 
1957 1219 61000.00 -36159.50 28078.42 -O.5928** 
1958 1463 106750.00 -68848.25 52979.40 -0.6450** 
1959 1463 106750.00 -59548.50 43897.31 -0.5578** 
Within 4l45 274500.00 -164556.25 124955.13 -O.5995 
Difference for testing HQ: ^ = Ô58 = A, 
'59 
6643.79 
8575.72 
10679.37 
25898.88 
26303.66 
404.78 
1218 
1462 
1462 
4142 6.2527 
4144 
2 202.3900** 
-O.8737** 
-O.9155** 
-O.8699** 
Total 4147 279882.00 -170715-97 145961.67 
a** F exceeds the 1 percent level of probability, 
b** t exceeds the 1 percent level of probability. 
Table 12. Regression of dry matter content on harvest dates for the three years, 1957-58-59. 
Degrees Sums of squares and products _ . Deviations Degrees 
Year of 7 ^Tension from 0f Mean a Correlation 
freedom Sxy g/ coefficients regression freedom 8^Uflre coefficients 
1957 1219 61000.00 18232.50 12352.79 0.2989** 6903.28 1218 0.6642** 
1958 146] 106750.00 36330,75 24530.21 0.3403** 12165.77 1462 0.7100** 
1959 1463 106750.00 22170.75 15721.63 0.2077** IIII6.63 1462 0.5412** 
30185.68 4142 7.2877 
Within 4145 274500.00 76734.00 52604.63 0.2795 31154.41 4144 7.5180 
Difference for testing Hc î 6 57 = fi '58 = ^ 59 968.73 2 484.3659** 
Total 4147 279882.00 79080.60 53984.93 51750.92 
a** F exceeds the 1 percent level of probability. 
^** t exceeds the 1 percent level of probability. 
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in each of the three years. The largest regression coefficient was 
obtained in 1958 when conditions were favorable for drying and the 
smaller regression coefficients were obtained in 1957 and 1959 when con­
ditions were unfavorable for rapid field drying of corn. This suggests 
that the maturation of corn as measured by moisture loss was influenced 
to some extent by the weather conditions that prevailed during the time 
the study was conducted. 
The regression coefficients of grain dry matter content (Table 12) 
corroborate what was suggested by the differences in rate of drying for 
the three years in Table 11. The regression coefficients of grain dry 
matter content on harvest dates are all significant at the one percent 
level of probability. A test of the hypothesis Ho:ft -^57 = 1^1958 = ^1959 
indicates that highly significant differences in rate of dry matter 
accumulation in the grain occurred over the three years. The regression 
coefficients show that the rate of dry matter accumulation in the grain 
was slower in 1957 and 1959 as compared with 1958 which was the favorable 
year for the maturation of corn. 
In the past, various criteria have been used to estimate the 
maturity of corn. The most commonly used criterion has been grain 
moisture but this has been found to be unreliable because of the range 
(28-48 percent) of moisture values that have been reported for when 
corn is mature. On the basis of Aldrich's (1943), Shaw's (1949). 
and Shaw and Loomis' (1950) work, maximum dry weight of the grain, or 
physiologic maturity, was considered a more reliable estimate for the 
maturity of corn grain. However, data of this kind are very expensive 
to obtain. 
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The correlation and regression coefficients presented in Tables 
13 and 14 gi-re some indication of the reliability of estimating maturity 
on the basis of grain moisture. The regression coefficients indicate 
that with a decrease in grain moisture there is a corresponding increase 
in grain dry matter (Table 13) or vice versa (Table 14). This was 
expected. However, the correlation coefficients are of greater interest 
as they indicate the degree of relationship between grain moisture and 
grain dry matter accumulation over the successive harvest dates. That 
is, how reliable is grain moisture as a criterion for physiologic 
maturity. Again, this appears to be related to the weather conditions. 
The "t" value exceeds the one percent level of probability for each 
correlation coefficient between grain moisture and grain dry matter 
in each of the three years. However, the correlations are lower than 
one would expect for this relationship and indicate that the use of 
grain moisture for estimating maturity would be unreliable. The same 
trend occurs as for the regression coefficients in that the highest 
correlation was obtained in 1958 and the lowest in 1959* These correla­
tions suggest that a closer relation exists when conditions are favorable 
for field drying and that grain moisture may be a fair indication in 
estimating the maturity of the grain. In contrast the use of grain 
moisture in estimating maturity becomes less reliable the more un­
favorable the weather conditions are for field drying. This indicates 
that the plant continues to synthesize and translocate dry matter to 
the grain but that the loss of moisture appears to be retarded by the 
prevailing weather conditions. 
One of the objectives of the study was to determine, if possible, 
Table 13. Regression and correlation coefficients of grain moisture and dry matter content of the 
grain for 61 entries for the three years, 1957-5&-59» 
Degrees 
Year of 
freedom 
Sums of squares and products 
gg 9t> Regression 
Sr Sxy Sy^ coefficients 
Deviations Degrees 
from of 
regression freedom 
Mean Correlation 
square° coefficients 
1957 1219 12352.79 -IOI76.29 28078.42 -0.8238** 19695.19 1218 -.5464** 
1958 1463 24530.21 -22032.67 52979.41 -O.8982** 33189.67 1462 -.6112** 
1959 1463 15721.63 -12249.40 43897.31 -O.7791** 34353.80 1462 -.4663** 
87238.66 4142 21.0620 
Within 4145 52604.63 -44458.36 124955-14 
K 
87383.38 
Difference foir testing Hq: H ^  = ti 58= "59 144.72 2 72.36** 
Total 4147 145961.67 -44908.86 53984.93 4016?.57 
^Dry matter content of the grain is the independent variable. 
bGrain moisture is the dependent variable. 
c** F value exceeds 1 percent level of probability. 
** t value exceeds 1 percent level of probability. 
Table 14, Regression, and correlation coefficients of dry matter content of the grain and grain 
moisture for the three years, 1957-58-59» 
Degrees 
Year of 
freedom 
Sums of 
8=2» 
squares and products 
nl) 
Sxy Sy^ 
Regression 
coefficients® 
Deviations 
from 
regression 
Degrees 
of 
freedom 
Mean 
square0 
Correlation 
coefficients 
1957 1219 28078.42 -IOI76.29 12352.79 -0.3624** 8665.90 1218 -.5464** 
1958 1463 52979.41 -22032.67 24530.21 -0.4159** 15366.82 1462 -.6112** 
1959 1463 43897-31 -12249.40 15721.63 -0.2790** 12304.05 1462 -.4663** 
36336.77 4142 8.7725 
Within 4145 124955.14 -44458.36 52604.63 36786.59 4144 8.8771 
Difference for testing B [Q: Â 5? =R 58 = ^ 59 449.82 2 224.91** 
Total 4147 145961.67 -44908.86 53984.93 40167.57 
aGrain moisture is the independent variable. 
bDry matter content of the grain is the dependent variable. 
c** F value exceeds the 1 percent level of probability. 
^** t value exceeds the 1 percent level of probability. 
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what effects certain selected weather factors have on the rate of grain 
moisture loss for the period from silking to approximate physiologic 
maturity. The simple and multiple correlation coefficients were 
determined for only three of the harvest dates. The harvest dates 
selected were 40, 50, and 60 days after silking. It was considered 
that if a relationship was evident for these three selected harvest 
dates the correlations would then "be calculated for the remaining 
harvest dates. The correlation coefficients for the three selected 
harvest dates are presented in Tables 15 and 16. 
In Table 15 the correlation coefficients for each of the selected 
weather factors and moisture are arranged by harvest dates within years. 
In Table 16 the correlation coefficients are grouped by harvest dates 
across years. The purpose for the two different arrangements was to 
determine if a trend was evident for the three harvest dates within 
a year or for the same harvest date in different years. A consistent 
trend is not evident in either table. 
Bach correlation coefficient (Table 15) was tested to determine 
if it differed significantly from zero. Highly significant correlation 
coefficients were obtained within each year but the magnitude and sign 
of the coefficients vary for the three harvest dates. No consistent 
trend is apparent for the degree of correlation between any two of the 
variables. An example is the correlation between wind and moisture in 
1957» The correlation coefficients are 0.3086, -O.2367, and 0.2080 
for 40, 50 and 60 days after silking respectively. Bach of the co­
efficients is highly significant with a positive relation existing at 
the 40- and 60-day harvest and a negative correlation at 50-day harvest. 
Table 15. The product-moment correlation coefficients for each of the selected weather factors 
and moisture and. the multiple correlation coefficient among all selected weather factors 
and moisture for each harvest period within each year, 1957-5&-59* 
Weather 1957 1958 1959 
factora 40 50 60 40 50 60 40 50 60 
r*i y -.0]4l -.4665** -.3108** .0701 -.3154** -.1265 -.2905** -.2748** -.5153** 
rx2y .3086** -.2367** .2080** -.0643 -.0084 .0966 .0289 -.0429 .4412** 
rx^y -.1397* -.4827** -.1867** -.1010 -.0238 -.1150 .3008** -.0285 .4221** 
r*4y -.1748** -.2718** 
-.0686 .0814 -.2341** -.0213 -.2289** -.0580 -.5264** 
rx5y -.0782 .0849 -.0741 .0690 .2652** .1503* .2139** .0104 .5105** 
rx6y -.5199** -.5908** -.324?** .1338* -.2552** -.1170 -.2132** -.274?** -.5710** 
R .5793** .6119** .3706** .2222 .3270** .2280 .3894** .2B99** .5948** 
ax, - pan data, x% - wind, x^ - precipitation, x^ - sunshine, x^ - humidity, x^ » heat units or 
degree days, y - percent moisture of the grain. 
* "t" value exceeds 5 percent level of probability. Tabular "T".05,242 = 0.128. 
**"t" value exceeds 1 percent level of probability. Tabular llr", 01*242 = 0.16?. 
Table 16. The product-moment correlation coefficients for each of the selected weather factors 
and moisture and the multiple correlation coefficient among all selected weather factors 
and moisture for each year grouped according to harvest periods, 40, 50, 60. 
Weather 40 50 60 
factor8. 195? 1958 1959 1957 1958 1959 1957 1958 1959 
rXiy -.0341 .0701 -.2905** -.4665** -.3154** -.2748** -.3108** -.1265 -.5!53** 
rx2y .3086** -.0643 .0289 -.2367** -.0084 -.0429 .2080** .0966 .4412** 
rx3y -.1397* -.1010 .3OO8** -.4827** -.0238 -.0285 -.1867* -.1150 .4221** 
rX4y -.1748* .0814 -.2289** -.2718** -.2341** 
-.0580 -.0686 -.0213 -.5264** 
Tx$y -.0782 .0690 .2139** .0849 .2652** .0104 -.0741 .1503* .5105** 
-.5199** .1338* -.2132** -.5908** -.2522** -.2747** -.3247** -.1170 -.5710** 
E .5798** .2222 .3894** .6119** .3270** .2899** .3706** .2280 .5948** 
®x, - pan data, Xg - wind, x- - precipitation, x^ - sunshine, x^ - humidity, xg - heat units or 
degree days, y - percent moistureJof the grain. Significance at 5$ level (rvalue at 5$ for 242 
d.f. = 0.128). ^^Significance at 1$ level (rvalue at 1$ for 242 d.f. = 0.167). 
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A similar relationship exists for temperature and. moisture in 1958. 
Several other cases are present where positive and. negative correla­
tions were obtained within a year for the three harvest days but the 
degree of the relationship was not large enough to be significantly 
different from zero in all cases. 
The pan data and moisture correlations were significant in six of 
the nine cases but a considerably closer relationship was expected 
because the pan data are dependent upon other weather factors for their 
measurement. The pan data are a measure of the evaporative power of the 
atmosphere and are influenced by degree and duration of sunshine, rela­
tive humidity, wind speed, and temperature. However, contrary to 
expectation the degree of association between pan data and grain moisture 
varied from estimates of zero to highly significant correlations of 
varying magnitudes. In 1958, which was favorable for field drying of 
corn, little relationship is apparent between the pan data and grain 
moisture for the three harvest dates. 
The correlation coefficients of grain moisture with degree days 
or heat units were of a consistently higher magnitude than with any of 
the other weather factors. The coefficients were highly significant 
for all dates of harvest in all years except for the 60-day harvest in 
1958. It should be noted that apparently little relationship existed 
between degree days and moisture in 1958. The correlation is signifi­
cantly positive at 40 days, significantly negative at 50 days, and 
little, if any, relationship was indicated at 60 days. In 1957 the 
correlations between degree days and moisture are all highly signifi­
cant but the degree of association between the two variables is 
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decreasing with the successive harvest dates. On the other hand, in 
1959 the correlation coefficients for each harvest date also exceed the 
tabulated 111" value at the one percent level of probability but the 
degree of association between the two variables is increasing. There­
fore, a different relationship appears to be present in each year: 
a decreasing relationship that is significant for three harvest dates 
in 1957. apparently little, if any, relationship in 1958» and an 
increasing relationship in 1959* 
The grouping of the simple correlation coefficients (Table 16) 
by dates for each of the three years fails to show a consistent relation 
for the effect of any one selected weather factor for any particular 
harvest date. It does not appear that the degree of association of 
moisture with any one weather factor is consistently increased or de­
creased by successive harvests. 
It was then considered that a pooled estimate of the individual 
correlations for the various harvest dates within a year should be more 
reliable than any of the individual estimates. Using the procedures 
outlined by Ostle (1954) and Snedecor (1956) to test the hypothesis 
Hq: p = P&Q, the computed chi-square exceeded the tabular chi-
square for two degrees of freedom in all but three cases. This indicates 
that the null hypothesis is rejected and that it is not permissible to 
combine the individual estimates into an estimate of p . The three 
cases where the calculated chi-square did not exceed the tabular chi-
square were for humidity and moisture in 1957» wind and moisture in 
1958, and precipitation and moisture in 1958. In each of these three 
exceptions none of the individual estimates was significantly different 
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from zero and one would essentially "be averaging over zero. 
The same test was performed for each set of three estimates in 
Tattle 16 where the individual correlations were arranged by dates for 
the different years. In all cases, the calculated chi-square indicated 
that it was not appropriate to combine the individual correlations 
into an estimate which would "be more reliable than any of the individual 
estimates. The failure of "being able to average the individual estimates 
for the three harvest dates within years or for the same date in differ­
ent years further indicates very little reliability can be attributed 
to moisture loss being associated with any of the weather factors studied. 
A multiple correlation involving all of the weather factors and 
moisture was calculated for each harvest date in each year. The multiple 
correlations are included in Tables 15 and lb. A highly significant 
R value was obtained for all harvest dates except for 40- and 60-day 
harvests in 1958. All of the E values are greater than any of the 
simple regression coefficients but this is to be expected because by 
bringing in more variables the degree of knowledge about the variation 
of the dependent variable, grain moisture, has been extended. However, 
the magnitude of the multiple correlation coefficients also vary for 
the three harvest dates within years and for the same harvest dates 
in different years. 
The r^ values in Table 1? indicate the proportion of the total 
sum of squares which has been explained "by our linear regression^ With 
the exception of a few cases the r^ values are essentially zero for each 
harvest date within each of the three years. The exceptions are for 
degree days at 40- and 50-day harvests in 1957. precipitation at the 
Table 1?. The coefficients of determination, r2, for each of the selected weather factors and 
moisture and the B2 values for each harvest period within each year, 1957-58-59. 
Weather 
factor* 
1957 1958 1959 
40 50 60 40 50 60 40 50 60 
r2 xxy .0012 .2176 .0966 .0049 .0995 .0160 .0844 .0755 .2655 
r*27 
.0952 .0560 .0433 .0041 .0001 .0093 .0008 .0018 .1946 
rl3y .0195 .2330 .0348 .0102 .0006 .0132 .0905 .0008 .1782 
r*4y .0306 .0739 
.004? .0066 .0548 .0004 .0524 .0034 .2771 
.0061 .0072 .0055 .0048 .0703 .0226 .0458 .0001 .2606 
4 
.270] .3490 .1054 .0179 .0651 .0137 .0454 .0755 .3260 
E2 .3362 .3744 .1373 .0494 .1069 .0520 .1517 .0840 .3538 
®x- - pan data, x^ - wind, - precipitation, - sunshine, x^ - humidity, x^ - heat units or 
degree days, y - moisture. 
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50-day harvest in 195?; and for each of the weather factors at 60-day 
harvest in 1959» 
The R2 values (Table 1?) have the same interpretation as in a 
simple linear regression. When all factors are included, the propor­
tion of the total sum of squares attributed to the factors in the 
multiple regression equation ranges from approximately five percent 
for the 40 and 60-day harvests in 1958 to slightly over 33 percent 
for the 40 and 50-day harvests in 1957 and the 60-day harvest in 1959-
The magnitude of the r2 and R2 values indicate that in most cases only 
a small proportion of the total variation can be explained by the weather 
factors included in this study. This is in agreement with Brown and 
Garrison (1922) and Shaw and Thorn (1951%) that the period of development 
from silking to physiologic maturity appears to be relatively independent 
of the environment. 
With the exception of the inbred lines and their hybrid, the 
remainder of the material included in 1957 was of a highly heterogeneous 
nature. Because of the amount of within plot variance experienced in 
1957 it was considered that additional material of a more homogeneous 
nature should be included in the study. The material selected to be 
included in 1958 and 1959 was eight single crosses consisting of lines 
having known relative rates of drying. The purpose of selecting single 
crosses of this type was to determine if differences in rate of drying 
occurred prior to physiologic maturity as was suggested by Uewlin 
(1953)' It was also believed that more accurate estimates of the 
regression and correlation coefficients would be obtained by using the 
more homogeneous material. The single cross, (Bl4 X 0h45), was also 
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included in the 1958 and 1959 analyses making a total of nine single 
cross entries in the subsequent analyses. 
The analyses of variance of grain moisture for the nine single 
crosses are presented in Tables 18 and 19 for 1958 and 1959 respectively. 
In both years the P values for entries, dates and entries x dates 
interaction exceeded the one percent level of probability. Since the 
single crosses were selected for their different rates of drying, the 
significant differences obtained among entries and among dates would be 
expected. However, the estimated variance components (Tables 18 and 19) 
show that the variations associated with the single crosses were much 
less than the variations among harvest dates. The combined analysis 
(Table 20) shows that there was a significant difference for grain 
moisture percentage from year to year for entries and harvest dates. 
The analyses of variance of grain dry matter (Tables 21 and 22) 
for the nine single crosses show highly significant differences among 
entries and among dates in both years. Unlike the preceding individual 
year analyses for grain dry matter, the entry x date interaction was 
highly significant both years. However, the estimated variance com­
ponents show that the variations associated with the entry x date 
interaction are much less than the variations among dates and among 
entries. The combined analysis for grain dry matter (Table 23) shows 
a highly significant year interaction for entries and dates. This 
suggests that the relative rate of dry matter accumulation was signifi­
cantly different for the single crosses in the two years. 
The regression coefficients for estimating the rate of moisture 
loss are presented in Tables 24 and 25. A general regression was 
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Table 18. Analysis of variance of grain moisture percentage for nine 
single crosses for seven harvest dates in 1958. 
Source of variation 
Degrees 
of 
freedom 
Mean „ 
a 
squares 
Estimated 
variance 
components 
Replications 3 
Entries 8 61.1400** 2.1422 
Dates 6 1709.4500** 47.4525 
Entries x Dates 48 7.0258** 1.4668 
Replications x Entries 24 2.2692** 0.1587 
Replications x Dates 18 0.6128 0.0000 
Replications x Entries x Dates 144 1.1585 
Total 251 
a** F value exceeds 1 percent level of probability. 
obtained for all single crosses. These are presented first in Tables 
24 and 25 and are -0.6246 and -0.4928 for 1958 and 1959 respectively. 
The coefficients of regression are significant at the one percent level 
of probability and indicate the rate of grain moisture decrease for the 
successive harvests which were made at five day intervals from 40 to 
70 days after silking. 
As mentioned previously the nine single crosses were divided into 
three groups on the basis of the relative rates of drying of the two 
inbred lines in each single cross. There were two single crosses each 
made up of two fast drying inbred lines, four each consisting of a fast 
and a slow drying inbred line, and three each made up of two relatively 
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Table 19. Analysis of variance of grain moisture percentage for nine 
single crosses for seven harvest dates in 1959* 
Source of variation 
Degrees 
of 
freedom 
Mean 
squaresa 
Estimated 
variance 
components 
Replications 3 
Entries 8 50.9375** 1.8192 
Dates 6 1091.8333** 30.3007 
Entries x Dates 48 10.7223** 2.4284 
Replications x Entries 24 1.1712 0.0232 
Replications x Dates 18 1.5722 0.0626 
Replications x Entries x Dates 144 1.0086 
Total 251 
®** F value exceeds 1 percent level of probability. 
slow drying lines. The regression coefficients (Tables 24 and 25) 
show that the grouping of the single crosses on the basis of the rela­
tive drying rates of the lines in the crosses was valid. In both years 
the rate of drying was related to the number of relatively fast 
drying inbred lines in the single crosses. The test of the hypothesis 
that the rate of moisture loss for the three groups is equal is 
rejected at the one percent level of probability in both years. As 
stated previously the years, 1958 and 1959» were opposites for the 
maturation of corn. The regression coefficients indicate that the 
rate of drying was significantly higher in 1958 than in 1959 
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Table 20. Combined analysis of grain moisture percentage for nine 
single crosses for seven harvest dates for 1958 and 1959» 
Source of variation 
Degrees 
of 
freedom 
Sums 
of 
squares 
Mean 
squares6 
Years 1 1798.60 
Reps/Years 6 49.45 
Entries 8 684.75 85.5938** 
Dates 6 16542.25 2757.0417** 
Dates x Entries 48 671.02 13.9796** 
Entries x Years 8 211.8? 26.4838** 
Dates x Years 6 265.45 44.2417** 
Entries x Dates x Years 48 180.89 3.7685** 
Remainder 372 433.96 1.1666 
Total 503 20838.24 
a** ? value exceeds 1 percent level of probability. 
(Table 26). Of the three groups, there was a significantly higher rate 
of drying for the fast x slow and slow x slow groups in 1958. 
The mean grain moisture percentages for each harvest date for the 
nine single crosses are presented in Table 27 and Figures 1 and 2. 
Table 27 and Figures 1 and 2 substantiate what the regression coeffi­
cients had indicated. In 1958 the rate of moisture loss in the grain 
was essentially linear for all three groups of single crosses. As 
mentioned, the 1959 crop was ahead of the 1958 crop until the cool, 
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Table 21. Analysis of variance of dry matter content of the grain 
for nine single crosses for seven harvest dates in. 1958. 
Source of variation 
Degrees 
of 
freedom 
Mean 
squares 
Estimated 
variance 
components 
Replications 3 
Entries 8 168.2288** 5.9703 
Dates 6 735.4533** 20.3998 
Entries x Dates 48 3.2192** 0.5400 
Replications x Entries 24 1.3696 0.0443 
Replications x Dates 18 1.2811 0.0246 
Replications x Entries x Dates 144 1.0593 
Total 251 
a** Ï value exceeds 1 percent level of probability. 
wet weather in mid"September. This is shown by the moisture content of 
the grain in Table 27. The moisture content of the grain was lower at 
the first harvest in 1959 than in 1958. However, the rate of drying 
was delayed after the 55-day harvest except for the fast x fast group 
of «ingle crosses. It was shown in Table 26 that the differences in 
rate of drying were not significantly different in the two years for 
the fast x fast group. In both years the moisture content of the grain 
at the first harvest was highest for the fast x fast group and lowest 
for the slow x slow group. It was thought that this may be related 
with date of silking for the three groups as was reported by Wolfe 
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Table 22 u Analysis of variance of dry matter content of the grain 
for nine single crosses for seven harvest dates in 1959* 
Source of variation 
Degrees 
of 
freedom 
Mean 
a 
squares 
Estimated 
variance 
components 
Replications 3 
Entries 8 159.7225** 5.6449 
Dates 6 333.1183** 9.2070 
Entries x Dates 48 3.0065** 0.3352 
Replications x Entries 24 1.0271 0.0000 
Replications x Dates 18 1.4644 0.0000 
Replications x Entries x Dates 144 1.6656 
Total 251 
a** F value exceeds 1 percent level of probability. 
(1927). For the single crosses included in this study no apparent 
relationship could explain the differences in moisture on the basis of 
date of silking. The average date of silking for each group was July 
21 in 1958 and July 20 in 1959. 
Newlin (1953) concluded that differences in rate of drying for 
six single crosses occurred prior to physiologic maturity which he 
estimated at 40 percent grain moisture. Although the initial grain 
moisture for the fast x fast group was higher than the other two groups 
the point at which the moisture level of the three groups crossed 
(Figures 1 and 2) was at approximately 40 percent in both years. This 
suggests that Newlin may have started sampling after the various matur-
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Table 23. Combined analysis of dry matter content of the grain for 
nine single crosses for seven harvest dates for 1958 and 
1959-
Source of variation 
Degrees 
of 
freedom 
Sums 
of 
squares 
Mean „ 
squares 
Tears 1 18.48 
Reps/Years 6 39.06 
Entries 8 2595.89 324.4862** 
Dates 6 6081.57 1013.5950** 
Entries x Dates 48 209.24 4.3592** 
Entries x Years 8 27.72 3.4650** 
Dates x Years 6 329.86 54.9767** 
Entries x Dates x Years 48 89.59 1.8665 
Remainder 372 499.33 1.3423 
Total 503 9890.74 
a** F value exceeds the 1 percent level of probability. 
ing single crosses moisture levels had crossed. 
The regression coefficients of grain moisture on harvest dates 
have indicated that real differences existed between years for rate of 
drying suggesting that rate of drying was influenced to some extent by 
the weather. The simple correlation coefficients for each of the 
selected weather factors and moisture are presented in Table 28. The 
correlations were similar as for the material previously presented. 
In 1958, when conditions were favorable for drying, there is little 
Table 24. Regression of grain moisture percentage on harvest dates for nine single crosses grown 
in 1958. 
Number 
Sources of 
crosses 
Degrees 
of 
freedom 
Sum of squares and products 
Sx2 Sxy Sy2 
Regression 
coefficients 
Deviations 
a from 
regression 
Degrees 
of 
freedom 
Mean 
a 
square 
Single crosses 9 251 25200.00 -I5739.OO 11339.25 -0.6246** 
Fast x Fast13 2 55 5600.00 -4213.00 3409.30 -O.7523** 239.86 54 
Fast x Slowc 4 111 11200.00 -7OO3.OO 4923.94 -O.6253** 544.96 110 
Slow x Slow** 3 83 8400.00 -4531.50 2903.47 -0.5395** 458.73 82 
1243.55 246 5.0551 
Within 249 25200.00 -15747.50 11236.71 1396.10 248 
Difference for testing HQ: f ^ F x F = ^ x S 152.55 2 76.2750** 
a** F value significant at the 1 percent level of probability. 
^Fast x Fast - single crosses made up of two fast drying inbred lines. 
°Fast x Slow - single crosses made up of a fast and a slow drying inbred line. 
^Slow x Slow - single crosses made up of two slow drying inbred lines. 
Table 25» Regression of grain moisture percentage on harvest dates for nine single crosses grown 
in 1959. 
Number 
Sources of 
crosses 
Degrees 
of 
freedom 
Sum of 1 
Sx2 
squares and products 
Sxy By2 
Regression 
coefficients 
Deviations 
a from 
regression 
Degrees 
of 
freedom 
Mean 
square 
Single crosses 9 251 25200.00 -12420.00 7700.39 -O.4928** 
Fast x Fast^ 2 55 5600.00 -3781.50 2876.86 -O.6753** 323.21 54 
Fast x SlowC 4 111 11200.00 -5513.OO 3050.61 -O.4922** 337.11 110 
Slow x Slow^ 3 83 8400.00 -3125.50 1582.41 -O.372I** 419.41 82 
1079.73 246 4.3891 
Within 249 25200.00 -12420.00 7509.88 1389.30 248 
Difference for testing H0: 
^ F x F : • x S = 
6 
S x S 309.57 2 154.7850** 
a** F value exceeds the 1 percent level of probability. 
^Fast x Fast - single crosses made up of two fast drying inbred lines. 
cFast x Slow - single crosses made up of a slow and a fast drying inbred line. 
^Slow x Slow - single crosses made up of two slow drying inbred lines. 
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Table 26. Regression of grain moisture percentage on harvest dates for 
nine single crosses grown in 1958 and 1959-
Sources of 
variation 
Mean ""gees togreeaioa DeT^"°°° 
freedom coefficients regression freedom square 
Single crosses 
1958 
Single crosses 
1959 
251 
251 
Within 502 
Difference for testing H0: 
-0,6246** 
-0.4-928** 
A 
1958 - 1959 
1508.6? 250 
1579.81 
3088.48 
3307.21 
218.73 
250 
500 
501 
1 
6.1??0 
218.7300** 
Fast x Fast 
1958 
Fast x Fast 
1959 
55 
55 
Within 110 
Difference for testing HQi 
-O.7523** 
-O.6753** 
^1958 = ^1959 
239.86 
323.21 
563.07 
579.69 
16.62 
54 
54 
108 
109 
1 
5.2136 
16.6200 
Fast x Slow 
1958 
Fast x Slow 
19 59 
111 
111 
Within 222 
Difference for testing HQ: 
-O.6253** 
-O.4922** 
^1958 = ^1959 
544.96 110 
337.11 
882.07 
980.61 
98.54 
110 
220 
221 
1 
4.0094 
98.5400** 
Slow x Slow 
1958 
Slow x Slow 
1959 
83 
83 
Within 166 
Difference for testing HQ! 
-O.5395** 
-O.372I** 
6 o - 6  
1958 " 1959 
458.73 
419.41 
878.14-
995.82 
117.68 
82 
82 
164 
165 
1 
5.3545 
117.6800** 
a** F value exceeds the 1 percent level of probability. 
Table 27. Mean grain moisture percentage for each successive five-day harvest for nine single 
crosses grown in 1958 and 1959» 
Number Average grain moisture percentage at 
of successive harvest dates 
crosses 40 45 50 55 60 65 70 
Single crosses 9 52.0 46.2 41.9 39.0 37.2 34.4 32.4 
Past x Past 2 53-9 47.8 42.9 39.4 37.1 33.1 30.5 
Fast x Slow 4 52.6 46.9 42.3 39.6 37.7 34.8 33.0 
Slow x Slow 3 50.0 44.3 40.8 38.0 36.4 34.7 32.8 
Single crosses 9 46.1 41.0 38.5 35.2 33.0 31.6 31.2 
Fast x Fast 2 47.7 41.6 37.9 33.1 30.3 27.7 28.0 
Fast x Slow 4 46.9 41.3 39.6 36.2 33.8 32.8 31.6 
Slow x Slow 3 43.9 40.0 37.6 35.3 33.9 32.6 32.7 
Figure 1. Rate of grain moisture loss for successive harvest dates, 1958. 
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Table 28. The product-moment correlation coefficients for each of the selected weather factors and 
moisture and the multiple correlation coefficient among all selected weather factors and 
moisture for each harvest period for nine single crosses grown in 1958 and 1959» 
Weather 1958 1959 
factor 40 50 60 70 40 50 60 70 
^y .1828 -.4463** -.0227 -.1453 .3118 -.2426 -.1335 -.0142 
rXgy -.0225 -.2602 .2288 -.2191 -.3505* -.6087** .1189 -.0938 
.0821 .1829 .1417 .2547 .0613 .0199 .1572 -.0750 
r*4y 
.0311 -.5050** -.1284 -.2236 • 3233 .4305** -.2034 .1538 
rx5y .0636 .4681** .20 65 .2990 -.4233* -.5330** .1094 -.0624 
rx6y .0358 -.1798 .0485 .2600 -.5078** -.4148* -.2192 -.0432 
R .2704 .6594** • 3673 .4235 .5933** ,7474** .5947** .5531* 
ax, - pan data, x„ - wind, x_ - precipitation, x^ - «unshine, x- - humidity, x, - heat units or 
degree days, y - moisture. * Significant at the 5 percent level of probability ( tabular "t'^Qij 34 = 
O.33O). ^^Significant at the 1 percent level of probability (tabular "*".01,34 = 0.424). * ' 
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indication that the six selected factors were associated with field dry­
ing. In 1959 when conditions were unfavorable for maturation there is 
a suggestion that degree days, humidity, and wind were associated with 
drying. However, contrary to the other material no significant degree 
of association was evident for the last two harvest dates. The multiple 
regression coefficients were significant at the one percent level of 
probability for each harvest date in 1959 but only for the 50 day harvest 
in 1958. This is analogous to the other material presented. 
The coefficients of determination and the correlation indices are 
presented in Table 29 for each of the two years that the single crosses 
were grown. In general the coefficients of determination indicate that 
only a small proportion of the total moisture variation can be accounted 
for by a single weather factor. The proportion of the total sum of 
squares which can be explained by the multiple regression equation 
range from seven percent for the 40 day harvest to 43 percent for the 
50 day harvest in 195°. In 1959» a higher proportion of the total 
moisture variation could be explained by the multiple regression equation. 
The lowest proportion was for the 70-day harvest and the highest pro­
portion was for the 50-day harvest where approximately 56 percent of 
the variation could be explained by our multiple regression equation. 
The results obtained for the single cross material are similar to 
what was obtained for the material originating from the cross of B14 
and 0h45. The coefficients of determination obtained for the single 
crosses are approximately the same magnitude as those obtained for the 
more heterogeneous material. It does not appear that the use of the 
more homogeneous material improved the estimates for the degree of 
Table 29. The coefficients of determination, 
moisture and the correlation index, 
grown in 1958 and 1959. 
r2, for each of the selected weather 
R2, for each harvest period for nine 
factors 
single 
and 
crosses 
Weather 1958 1959 
factor* 40 50 60 70 40 50 60 70 
% 
rL 
.0334 .1992 .0005 .0211 .0972 .0588 .0178 .0002 
.0005 .0677 .0523 .0480 .1228 .3705 .0141 .0088 
.006? .0334 .0201 .0649 .0038 .0004 .0247 .0056 
,23 
x4y 
r2 
*<y 
.0010 .2550 .0165 .0500 .1045 .1853 .04l4 .0236 
.0040 .2191 .0426 .0894 .1792 .2841 .0120 .0039 
4 
.0013 .0323 .0024 .0676 .2579 .1720 .0480 .0019 
R2 .0731 .4-348 .1349 .1793 .3520 .5586 .3536 .3059 
ax, - pan data, x^ - wind, x~ - precipitation, - sunshine, x^ - humidity, x^ - heat units or 
degree days, y - moisture. 
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correlation between the selected weather factors and rate of drying. The 
multiple correlations obtained for the single crosses were generally 
larger, but as Tables 15 and 28 show, the level of significance was the 
same for each harvest date in both cases. 
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DISCUSSION 
Some work by Brown and Garrison (1922) and by Shaw and Thorn (1951b) 
has indicated that the period from silking to maximum dry weight of the 
grain is relatively independent of weather variations. The time at 
which maximum dry weight of the grain is attained was designated by 
Shaw and Loomis (1950) as physiologic maturity which means the ceasing 
of the chemical changes which result in the ripening of a plant. Shaw 
and Thorn (1951b) found that in Iowa the average length of the period 
from silking to physiologic maturity is 51 days, with a relatively 
small variation. On this basis the first harvest in the present study 
was made at 40 days after silking and continued at five day intervals 
until 60 days after silking in 1957» It was apparent in 1957 that 
physiologic maturity was not attained in all entries. Therefore, an 
additional harvest was made at 65 days after silking in 1958 and 1959» 
For the nine single crosses harvesting was continued until 70 days 
after silking to insure that physiologic maturity had been attained. 
Data were collected at each harvest date to determine the grain 
moisture and weight of 100 kernels for the period from 40 days after 
silking to approximate physiologic maturity in 1957, 1958, and 1959. 
The objectives of the study were to determine rate of grain moisture 
loss, rate of dry matter accumulation in the grain, and what effect 
six selected weather factors have on rate of drying or grain moisture 
loss. No attempt was made to establish a relationship between the 
selected weather factors and grain dry matter content. In studies 
reported by Aldrich (1943) for a three year period, temperature and 
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rainfall had little noticeable effect on kernel weight curves. 
Evidence was obtained from the regression coefficients of grain 
moisture on harvest dates and grain dry matter accumulation on harvest 
dates that the rate of moisture loss and dry matter accumulation is 
not independent of the weather variations for the period studied. 
The regression coefficients for rate of drying and dry matter accumula­
tion are summarized in Table 30. 
Table 30. A summary of the regression coefficients for rate of drying 
and dry matter accumulation in the grain. 
Regression coefficients6, 
^ear Bl4 x 0h45 material Single crosses 
Moisture Dry matter Moisture Dry matter 
1957 -0.5928 0.2989 — 
1958 -0.6450 0.3403 -0.6246 0.3966 
1959 -0.5578 0.2077 -0.4928 0.2352 
^Coefficients expressed as rate per day. 
The test of the regression coefficients for among years indicated 
highly significant differences in rate of moisture loss and dry matter 
accumulation for the same material grown in three years, 1957, 1958, 
and 1959» The rate of moisture loss and dry matter accumulation was 
higher in 1958 which was a year that was favorable for the maturation 
of corn. The years 1957 and 1959 were unfavorable for the maturation 
of corn and this was corroborated by the significantly lower rates of 
moisture loss and dry matter accumulation. Although the regression 
coefficients are of similar magnitude for 1957 and 1959, an F test 
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indicates they are significantly different for the two years. This may 
be explained by the differences between 1957 and 1959 although both years 
were unfavorable for field drying of corn. In 1957 cool, wet weather the 
first part of September delayed maturity while in 1959 conditions 
prior to mid-September were favorable and the maturation of the corn 
crop was ahead of the 1958 corn crop. The abnormally cool, wet weather 
the latter part of September and early October drastically delayed 
maturity with the result that the moisture content of the corn at 
harvest was high in comparison with other years. 
The regression coefficients of grain moisture on harvest dates 
were significantly different for the two years the single crosses were 
included in the study. The nine single crosses then were assigned to 
three groups on the basis of the relative drying rates of the lines in 
the single crosses. It was shown (Table 27) that the rate of drying 
for the three groups of single crosses was related to the number of 
relatively fast drying lines in the single crosses. Except for 
the fast x fast group, significantly different rates of drying 
occurred between years for the remaining two groups of single crosses. 
This is shown in Figures 1 and 2. The rate of drying was linear for 
all three groups in 1958 which was the year that was favorable for 
field drying of corn. In 1959 grain moisture loss was essentially 
linear until approximately the 55-day harvest when rate of moisture 
loss was retarded in the fast x slow and slow x slow groups. This 
occurred at approximately the time when the cool, wet weather was 
present the latter part of September. The fast x fast group was 
essentially linear until the last harvest when it appeared that the 
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rate of moisture loss was also being affected by the prevailing weather. 
In both years the moisture content of the fast x fast group was 
the highest at the initial harvest with the fast x slow and slow x slow 
groups being intermediate and lowest respectively. This was found not 
to be correlated with date of silking as the average date of silking 
was the same for all groups in each year. This is not in agreement with 
Hutcheson and Wolfe (1924) and Wolfe (192?) who concluded that date of 
silking may be used as an indicator of final maturity. It appears on 
the basis of the single cross data in the present study that maturity 
is relatively independent of date of silking and is dependent upon 
the inherent rate of drying of the material. 
As shown in Figures 1 and 2, the point at which the fast x slow 
and slow x slow groups crossed the fast x fast group was when the grain 
moisture was approximately 40 percent. Although 1958 and 1959 were 
opposites for grain drying this was true in both years but occurred at 
an earlier date in 1959- Hewlin (195.3) in a study of six single crosses 
concluded that differences in rates of drying occurred prior to physio­
logic maturity which was approximated when 40 percent grain moisture. 
It appears from the data obtained in the present study that llewlin may 
have started sampling when the single crosses were at approximately 
the same moisture. The year 1952 when Newlin conducted his study was 
similar to 1953 when rates of moisture loss were essentially linear for 
all groups of single crosses. 
Six weather factors were selected to determine the quantitative 
effect of each factor, or factors, on rate of moisture loss. General 
statements have been made that the rate of drying is influenced by the 
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weather (Shaw, 1955)• However, quantitative field data indicating the 
effect of the various weather factors are lacking. The weather factors 
that were selected for study were pan data, wind, precipitation, sun­
shine, humidity, and temperature. It was "believed that increased wind, 
higher temperatures, increased sunshine, low humidity, and lack of 
precipitation would increase the rate of drying. Since pan data are 
a measure of the evaporative power of the air and involve duration of 
sunshine, wind speed, air temperature, and air humidity, it was assumed 
that this factor would probably be more closely related to rate of drying 
than any of the other factors included in the study. This was not 
realized. 
The correlations obtained between each of the six weather factors 
and grain moisture do not indicate a consistent trend for the successive 
harvest dates within years or for the same harvest dates in different 
years. The correlation coefficients obtained between degree days and 
grain moisture were consistently higher than for any other factor and 
moisture for the three years. However, contrary to expectations, the 
correlations between degree days and rate of drying in 1958 are signifi­
cantly positive and significantly negative for the first two harvest 
dates respectively and non-significant for the last harvest date. This 
suggests that temperature, when other conditions are favorable, is not 
necessarily a good indication of the rate of drying. Significant 
correlations of a greater magnitude were obtained between degree days 
and grain moisture in 1957 and 1959 when cool temperatures were one 
of the limiting factors for field drying of corn suggesting that, like 
a chemical process, the rate of drying may be determined by the factor 
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that is limiting. 
The correlations obtained, between pan data and grain moisture 
failed to differ significantly from zero in several cases and the 
degree of association varied where significance was indicated. It 
appears that the use of pan data to measure the rate of drying is not 
valid for the period studied. In most cases the degree of association 
of grain moisture with wind, precipitation, sunshine, and relative 
humidity was not significantly different from zero. On the basis of 
the evidence obtained in this study it is apparent that the use of 
one selected weather factor for estimating moisture loss is unreliable 
for the period studied. This applies to the (Bl4 x 0h45) material and 
the eight single crosses studied in 1958 and 1959* The coefficients of 
determination support this statement because they show that the percent 
of the total moisture variation which can be explained by any one 
factor is small. 
The multiple correlations show that the combined effects of all the 
selected weather factors on rate of drying were highly significant in 
1957 and 1959 but only for the 50-day harvest in 1958. The correlation 
indices indicate that when the quantitative effects of all the selected 
weather factors are considered the proportion of the total variation 
in moisture that can be explained by the multiple regression equation 
varies from essentially zero in 1958 to approximately 55 percent for 
some of the single cross harvest dates. The same tirend is observed for 
the multiple correlations as was shown by the simple correlations. 
A higher proportion of the total variation for moisture could be ex­
plained by the multiple regression equation when conditions were 
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unfavorable for drying. On the basis of the magnitude of the coeffi­
cients of determination and correlation indices one would conclude that, 
with one exception, the rate of drying is relatively independent of the 
six weather factors selected for this study. The one exception was 
degree days in which cool temperatures appear to retard the rate of 
drying. The relationship between degree days and moisture is not as 
highly correlated as reported by Andrew et al. (1956). Andrew et al. 
(1956) reported that for successive harvests there was nearly a perfect 
correlation of -0.984 between accumulated heat units based on 50° F. 
and moisture content of the grain. However, the heat units or degree 
days were accumulated from planting time until harvest time. 
The validity of using Weather Bureau data taken at the official 
Weather Bureau station located a few hundred feet from the experimental 
plots may be questioned. Bair (1942a) evaluated the extent to which 
Weather Bureau data could be substituted for field-plot determinations. 
Some of Bair1 s conclusions will be briefly presented. Total wind 
movement was sharply retarded in the experimental plots but the im­
portance of wind movement was questioned. Regression of evaporation 
on both wind and relative humidity accounted for 93 percent of the total 
variation is evaporation, but relative humidity alone accounted for 91 
percent of the variation. Although open pan data were not comparable 
to atmometers in the field the differences between these two methods 
of measuring the evaporative power of the air was diminishing by 
September 1. The weekly means of relative humidity and air temperature 
were so little modified by the corn plant cover that weather station 
records are probably applicable to conditions in the experimental plots 
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for a radius of several miles. 
Since the "bulk of the harvesting occurred after September 1 in 
each year, it does not appear on the basis of Bair1 s (19^2) work that 
the use of Weather Bureau data substituted for field-plot determinations 
would have significantly changed the degree of correlation between 
moisture and the selected weather factors. The use of the Weather Bureau 
pan data as a measure of the evaporative power of the atmosphere appears 
to be valid on the basis of Bair1s work. As mentioned, Bair found that 
relative humidity accounted for 91 percent of the total variation in 
evaporation and since Weather Bureau relative humidity readings can be 
substituted for field readings with surprising accuracy, the use of 
pan data should give a reliable estimate for field evaporation. Also, 
the corn vegetative cover in September is such that its effect on 
wind movement is much less than for the period of rapid vegetative 
development. Therefore, it is believed that the differences that may 
exist between the use of Weather Bureau data instead of field-plot 
determinations would not be great enough to change significantly the 
quantitative effect of the selected weather factors on rate of drying. 
In several cases where the correlation coefficients exceed the 
"t" value of the one percent level of probability, the degree of associa­
tion between the weather factor and moisture is quite low. The impor­
tance of some of the significant correlations may be questioned on the 
basis of the coefficients of determination which show that the percent 
of the total moisture variation that may be attributed to a factor, 
although significant, may be quite low. 
Differences in rates of drying may be inherent in the material 
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which one is studying. Evidence that the rate of moisture loss varies 
with the genetic constitution of the material was obtained from the 
single cross data. The rate of drying for the fast x fast group of 
single crosses was essentially the same in both years but significantly 
different from the other two groups of single crosses. The rate of 
moisture loss for the remaining two groups was significantly lower than 
the fast x fast group and differed significantly between years; This 
suggests that when rates of drying and its possible relation to weather 
variations are considered the conclusions may be applicable only to the 
material used in the study and its possible interaction with the weather. 
In general, it appears that with the exception of some single 
crosses the differences in rate may not be significantly different in 
the three years. The correlation coefficients indicate that with the 
possible exception of degree days the rate of drying is relatively in­
dependent of the weather variations from silking to physiologic maturity 
and may be an inherent characteristic of the material. There is an 
indication that the experiment was extremely sensitive in detecting 
small differences. 
Suggestions for possible future studies would be to decrease the 
magnitude of the study and make a more thorough investigation of a 
smaller amount of material. This would be to include relatively homo­
geneous material, preferably single crosses, consisting of lines having 
known relative rates of drying. Larger plots would be desirable so that 
the harvesting period could be extended to the time the corn is ready-
to crib. If harvesting was continued until corn is dry enough to crib, 
it would "tie" together Hewlin's work and the present study. Also, 
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the importance of weather variations on rate of drying after physiologic 
maturity could he estimated. The present study indicates that for the 
period studied the plant is an entity whose physiologic activities 
operate relatively independent of the weather variations. After 
ripening or the ceasing of chemical changes in the plant, the weather 
probably has a greater effect on the rate of drying. 
Because of the amount of variation experienced for individual ear 
material it would seem advisable that larger quantities of material 
should be used in estimating the dry weight curves. However, this may 
be remedied if relatively homogeneous material is used. The use of 
Weather Bureau data appears to be desirable because they are readily 
available and would be applicable for a general area. 
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SUMMARY 
Data were collected to estimate the rate of grain moisture loss 
or drying, rate of grain dry matter accumulation and the quantitative 
effect of six selected weather factors on the rate of drying for the 
period from 40 days after silking to approximate physiologic maturity. 
The study was conducted for three years on the Iowa State University 
Agronomy Farm. The material used in the study evolved from a cross of 
0h^5 and Bl4 which are relatively slow and fast drying inbred lines, 
respectively, and were grown in 1957» 1958, and 1959* Eight single 
crosses made up of inbred lines with known relative rates of drying 
were included in the study in 1958 and 1959» 
Evidence was obtained from the regression of grain moisture and 
grain dry matter content on harvest dates that the maturation of corn 
is influenced to some extent by the weather variations in different 
years. The combined analyses of grain moisture and grain dry matter 
indicated a significant year interaction. However, the estimated 
variance components showed that the variation between years was smaller 
than the variation among entries and dates. 
Simple and multiple correlation coefficients were obtained between 
six selected weather factors and rate of drying. The six weather factors 
selected for this study were pan data, wind speed, duration of sunshine, 
precipitation, relative humidity, and temperature. With the exception 
of degree days, no consistent trend was evident for harvest dates within 
years or for the same harvest dates in different years that the rate 
of drying was associated to any extent with any of the selected weather 
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factors. 
On the basis of three years data the simple correlations "between 
degree days and rate of drying suggested that when cool temperatures 
prevailed degree days appeared to "be associated with rate of drying. 
However, degree days do not appear to "be a reliable factor for rate 
of drying when temperature and other weather factors are favorable for 
field drying. 
The coefficients of determination, r%, showed that the proportion 
of the total moisture variation which can be attributed to any weather 
factor is low. Except for degree days in 1957 and 1959 the proportions 
were less than ten percent in most cases. 
The correlation indices, R^, for the Bl4 and Oh45 material ranged 
from approximately five percent in 1958 to a maximum of 37 percent fcr 
the 50-day harvest in 1957. The correlation indices were larger for the 
single crosses ranging from seven to 55 percent of the total moisture 
variation which could be explained by the multiple regression equation. 
The single cross data showed that the rate of moisture loss was 
related to the number of relatively fast drying inbred lines in the 
single cross. There was no indication that date of silking could be 
used as a criterion for maturity. 
It was concluded that on the basis of correlation coefficients the 
rate of drying for the material included was relatively independent of 
the selected weather factors for the period studied. 
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